S
almonella enterica serotype Enteritidis is one of the most common Salmonella serotypes worldwide, particularly in developed countries. During the 1980s, S. Enteritidis emerged as an important cause of human illness in the United States. In 1976, the incidence of S. Enteritidis was 0.55 per 100,000 population and represented only 5% of all Salmonella isolates. By 1985, this proportion reached 10%, and the rate increased to 2.4 per 100,000 population (1). During the same time, total Salmonella infection rates rose from 10.7 per 100,000 in 1976 to 24.3 in 1985 . The highest rates of S. Enteritidis were seen in the Northeast, although rates in the western region also increased during this time.
The number of outbreaks of S. Enteritidis infection also increased during the 1980s (2) , particularly in the northeastern United States. Laboratory subtyping of S. Enteritidis isolates from outbreaks indicated that phage types (PT) 8 and 13a were the most common phage types in the United States (3) . Although PT4 was common in Europe, where it coincided with a large increase in S. Enteritidis infections (4, 5) , it was seen in the United States only among persons with a history of foreign travel.
Case-control studies of sporadic S. Enteritidis infections and outbreaks demonstrated that shell eggs were the major risk factor for disease (2, 6, 7) . After the implicated eggs were traced back to the farm of origin, microbiologic surveys showed S. Enteritidis of the same phage type that caused human cases to be present in the farm environment of egg-layer poultry flocks (8) (9) (10) . Studies showed that the internal contents of eggs can be contaminated with S. Enteritidis (11, 12) , and this contamination has been identified as a major risk factor in the emergence of human illness. To reduce S. Enteritidis in eggs, on-farm prevention and control measures and quality assurance programs were initiated in the early 1990s. Education of consumers and food workers regarding the risks of consuming raw or undercooked eggs was also begun, with special emphasis on high-risk populations such as the elderly, children, pregnant women, and others with weakened immune systems. Restaurants and health institutions were encouraged to avoid pooling eggs, to use pasteurized egg product, and to avoid raw egg recipes. Requirements for refrigeration during distribution and storage were increased.
We examined trends in S. Enteritidis infection in the United States from 1985 through 1999 based on surveillance data for sporadic infections and outbreaks reported to the Centers for Disease Control and Prevention (CDC). We describe prevention and control efforts and suggest a plan for further reduction of S. Enteritidis infections.
Methods
The CDC National Salmonella Surveillance System is a laboratory-based passive system that was developed in 1976. In 1994, most states began reporting cases electronically to this system through the Public Health Laboratory Information System (13) . Annual S. Enteritidis isolation rates per 100,000 population were calculated for each state and region of the United States by using 1976-1999 Census data.
Before 1985, reports of S. Enteritidis outbreaks were collected through the National Foodborne Disease Outbreak Surveillance System. In response to a growing number of outbreaks and the need for timely follow-up, CDC began the S. Enteritidis Outbreak Reporting System in 1985. This system encouraged officials from state and local health departments to report outbreaks as soon as they occurred. At the end of each year, epidemiologists from state health departments were asked to verify the information that CDC had received and to send written reports of additional outbreaks. An outbreak of S. Enteritidis infection was defined as >2 cases of laboratoryconfirmed S. Enteritidis infection in persons who ingested a common food, or one culture-confirmed case with additional cases meeting a clinical definition of illness and S. Enteritidis isolated from a food specimen. Other information collected about each outbreak included the city, county, state, location where the food was prepared, and location where the food was consumed. The total number of outbreak-associated cases included all symptomatic persons with either culture-confirmed or epidemiologically linked infection.
Outbreak-associated foods were considered to be confirmed vehicles of transmission if 1) they were statistically implicated in an epidemiologic study, 2) S. Enteritidis was isolated from leftover foods, or 3) if the food item was the only food consumed by all ill persons (this occurred in <10 outbreaks). If eggs were implicated or were a primary ingredient in the implicated food, the outbreak was classified as egg-associated.
A subset of isolates from patients, food workers, implicated foods and farm specimens associated with outbreaks were phage typed at CDC and the U.S. Department of Agriculture (USDA) using a technique described by Ward et al. (14) 
Results

National Salmonella Surveillance Data
In the late 1980s and early 1990s, the proportion of Salmonella isolates that were S. Enteritidis continued to rise, and in 1994, it became the most common Salmonella serotype in the United States, representing 26% of all Salmonella isolates. Since then, however, the proportion has steadily decreased, reaching 16% in 1999.
The S. Enteritidis incidence rate increased from 2.38 per 100,000 population in 1985 to 3.9 per 100,000 in 1995. Since then, there has been a decline of 49%, to 1.98 per 100,000 in 1999 (Figure 1 ). This decline mirrors that of total Salmonella infections, which fell 51% to 12.0 per 100,000 in 1999. Rates of S. Enteritidis infection in the Northeast showed the greatest change, increasing from 6.39 per 100,000 in 1985 to 10.2 in 1989 and then dropping 63% to 3.8 per 100,000 in 1999 ( Figure 1 ). Rates in the West rose from 0.87 per 100,000 in 1985 to 5.6 per 100,000 in 1994, and then fell to 2.2 per 100,000 in 1999, a decline of 61%. Rates in the Midwest rose from 1.81 per 100,000 in 1985 to 3.1 in 1997 and then decreased to 1.7 in 1999, while the rate in the South rose from 1.22 per 100,000 in 1985 to 1.85 in 1990, and then fell to 1.04 in 1999.
Outbreak Surveillance
From 1985 through 1999, a total of 841 outbreaks of S. Enteritidis infection were reported to CDC, affecting residents of 43 states, the District of Columbia, and Puerto Rico ( 
Outbreak Settings
Five hundred twenty-two (62%) outbreaks of S. Enteritidis infection were associated with food prepared at commercial food establishments (restaurants, caterers, delicatessens, bakeries, cafeteria, or market), 112 (13%) were associated with food prepared in a private home, 55 (7%) with food prepared at schools or churches, and 20 (2%) with food served in prisons. Forty-three (5%) outbreaks involved foods prepared at other locations, such as camps, cruise ships, workplace, shelter, festivals, or an unknown location. Eighty-nine (11%) outbreaks involved food served to residents of hospitals or nursing homes.
Of 79 outbreak-associated deaths, 65 (82%) were among persons in healthcare facilities (55 deaths in nursing or extended-care homes and 10 deaths in hospitals) (Table 1) . Deaths in healthcare facilities decreased from 14 in 1987 to 0 in 1994, 1996, 1997, and 1999 ( Figure 4) . Overall, the outbreak-associated case-fatality rate in healthcare institutions was 3% (range 0%-9% per year), higher than the average case-fatality rate of 0.3% for all outbreaks. The proportion of outbreaks occurring at healthcare institutions between 1992 and 1999 ranged from 2% to 14%, noticeably lower than the 11%-23% of outbreaks occurring at these facilities from 1985 through 1991.
Outbreak Vehicles
A food item was implicated in 389 (46%) outbreaks of S. Enteritidis infection from 1985 through1999; in 86 (22%) of these, more than one food item was implicated. Of the 371 outbreaks for which information was available, 298 (80%) were egg associated. This proportion ranged from 10 Includes hospitals (hosp.) (14) , nursing/extended care homes (69), assisted/independent living facilities (2), and drug/alcohol rehabilitation facilities (4).
( Table 2 ). Of outbreaks caused by a single vehicle for which information was known, 243 (83%) of 294 were egg-associated, as were 55 (71%) of 77 outbreaks in which more than one food item was implicated. Among single foods implicated in egg-associated outbreaks, 67 (28%) of 243 were foods that contained raw eggs (e.g., homemade ice cream, Caesar salad dressing, tiramisu, egg nog). Sixty-five (27%) of the outbreaks implicated traditional egg dishes such as omelets, French toast, pancakes, and foods that use egg batter, such as crab cakes, chiles rellenos, egg rolls, and Monte Cristo sandwiches. Sixty-three (26%) outbreaks implicated dishes known to contain eggs, such as lasagna, ziti, and stuffing, which would have been expected to have been fully cooked but probably did not reach temperatures sufficient to kill S. Enteritidis. Thirty-six (15%) outbreaks implicated egg dishes that were "lightly cooked" (e.g., hollandaise sauce, meringue, cream pies). The food vehicles in 12 (5%) outbreaks were reported to contain eggs but could not be classified because information on how the dishes were prepared was not provided.
Seventy-three (20%) of the 371 confirmed outbreaks for which information was provided involved vehicles that did not contain eggs. Twenty (27%) of these outbreaks were associated with poultry (chicken or turkey), 8 (11%) with beef, and 6 (8%) with foods containing shrimp (3 outbreaks), bologna (1), pork (1), and pepper loaf (1). Other implicated foods included potatoes (3), beans (3), desserts (3), salad (3), macaroni and cheese (1), cheese sauce (1), goat cheese (1), chili (1), and a pureed diet (1). In 22 (30%) of the non-egg-associated outbreaks, more than one food was implicated. In four of these outbreaks, cross-contamination with raw eggs was suspected.
Phage Types
From 1988 through 1999, isolates from 455 outbreaks were submitted to CDC for phage typing. A single phage type was implicated in 436 (96%) of these outbreaks; 186 (43%) were caused by PT8, 96 (22%) by PT13a, and 64 (15%) by PT4. Other phage types included PT13 (20 outbreaks), PT34 (14 outbreaks), PT2 (13 outbreaks), and PT14b (9 outbreaks). Phage types differed by geographic region. In the Northeast and South, PT8 was the most common cause of S. Enteritidis outbreaks, followed closely by PT13a. Both PT8 and PT13a were common in the Midwest, while PT4 was predominant in the Western region.
The predominant phage types associated with S. Enteritidis outbreaks changed from 1988 through 1999. The proportion of outbreaks caused by PT8 and PT13a has decreased, while PT4 outbreaks have increased ( Figure 5 ). In 1993, PT4 accounted for 2 (4%) of 47 S. Enteritidis outbreaks, while in 1999, PT4 represented 17 (49%) of 35 S. Enteritidis outbreaks and was the most common phage type. Most PT4 outbreaks were in the Western region; 52 (81%) of the 64 S. Enteritidis PT4 outbreaks reported from 1993 through 1999 occurred in California.
Hospitalization and death rates did not differ by phage type. For all years combined, hospitalization rates were 180 (9%) per 1,899 cases in PT4 outbreaks, 694 (10%) per 6,910 cases in PT8 outbreaks, and 267 (12%) per 2,281 cases in PT3a outbreaks. Death rates were not statistically different among phage types: 0.16% in PT4 outbreaks, 0.38% in PT8 outbreaks, and 0.26% in PT13a outbreaks.
Discussion
After a rapid increase in S. Enteritidis infection rates during the 1980s, the rate of sporadic cases and number of outbreaks declined overall. Evidence of this decline has been demonstrated through passive surveillance for sporadic cases identified through the national Salmonella sur-veillance system and the number and size of S. Enteritidis outbreaks that occurred throughout the United States. Success has been regional, with the greatest reductions occurring in the Northeast. One of the most notable features of this decline has been a reduction in the number of outbreaks of S. Enteritidis infection and outbreak-associated deaths occurring in hospitals and nursing homes during the 1990s. Although the exact reason for the overall decline in infections and outbreaks has not been proven, the many prevention and control measures implemented throughout the 1990s likely played a role. These measures include tracebacks, on-farm testing, quality assurance programs, regulations regarding refrigeration, educational messages for safe handling and cooking of eggs, and enhanced surveillance.
Tracebacks have been important in identifying farms associated with outbreaks and in tracing the spread of S. Enteritidis. A study of tracebacks completed in response to egg-associated outbreaks in the early 1990s showed that S. Enteritidis was isolated from the environment of all 14 implicated flocks tested (9) . Diversion of eggs from S. Enteritidis-positive farms to pasteurization or hard-cooking facilities has also shown to be an effective strategy in reducing the number of human cases (10) .
Quality assurance programs, first implemented in the Northeast in the early 1990s, have been essential in monitoring and controlling the spread of S. Enteritidis. A USDA survey found that 56% of egg-layer farms in 15 states participated in a quality assurance program and that the number of farms routinely testing for S. Enteritidis had increased from 16% in 1994 to 58% in 1999 (15) . Other important on-farm interventions include flock-based control methods such as purchasing replacement chicks from S. Enteritidis-negative breeders, switching to a more S. Enteritidis-resistant breed of layer flock, and/or the use of vaccines in commercial pullet flocks.
Ensuring that eggs are fresh and that they are transported and stored properly are crucial steps in reducing illness. A risk assessment estimated that refrigerating eggs immediately after packing or laying could reduce S. Enteritidis illness by 8% and 12%, respectively (16) . In August 1999, the USDA issued regulations stating that eggs packed for the consumer be stored and transported at a temperature of no higher than 45°F (7.2°C) and that containers for consumers be labeled to indicate that refrigeration is required (17). A 2000 Food and Drug Administration (FDA) rule also requires refrigeration of eggs offered for sale at retail stores (18) . In addition, 17 states required an expiration or "sell-by" date on egg cartons in 1999 (19) . Additional measures, such as in-shell egg heat pasteurization and irradiation, are currently available, although the effects of these on preventing human infections have not yet been measured.
Consumers and food service workers can prevent many human infections by handling and cooking eggs properly. A recent FDA rule requires that a safe handling statement be put on all cartons of shell eggs that have not been treated to destroy Salmonella (20) . This statement explains that illness from bacteria can be prevented by keeping eggs refrigerated, by cooking eggs until the yolks are firm, and by thoroughly cooking egg-containing foods. The FDA Model Food Code advises against pooling of eggs and recommends that pasteurized eggs or egg products be substituted for raw shell eggs in the preparation of foods that are not cooked (21) . The decrease in healthcare-associated deaths may be a response to the reduction in pooling of eggs, more widespread use of pasteurized eggs, and the increased education of food workers in these facilities. This decline shows that cases of S. Enteriditis infection were prevented in persons at highest risk for serious complications from S. Enteritidis infection, in particular, the elderly and persons with weakened immune systems. Continued surveillance and outbreak investigations may help identify new vehicles of S. Enteritidis infection. Although a known risk factor in Europe, poultry has not previously played a large role in such infections in the United States. Our surveillance showed that in outbreaks with a known vehicle that did not contain eggs, poultry was the most common food vehicle. A study of sporadic S. Enteritidis infections in the United States implicated chicken as a risk factor for S. Enteritidis illness (22) . In addition, a USDA survey of large production facilities that use Hazard Analysis and Critical Control Points (HACCP) plans found S. Enteritidis on 2.4% of broilers at slaughter (23) . In 2000, sprouts and unpasteurized juice were identified as food vehicles in two S. Enteritidis outbreaks (CDC, unpub. data). These findings suggest that "new" vehicles may begin to play a larger part in future outbreaks.
Phage typing has proved to be a useful method for monitoring the spread of various strains in the United States over time. The appearance of S. Enteritidis PT4 in Europe led to a dramatic increase in the number of human S. Enteritidis infections. In the United States, PT8 and PT13a were the predominant phage types during the 1980s, and S. Enteritidis PT4 was not associated with domestically acquired S. Enteritidis infections. In 1993, the first U.S. outbreak of S. Enteritidis PT4 infection occurred in Texas (24) , and over the next 3 years, PT4 caused human illness in California, Utah, Nevada, Arizona, and Hawaii. The introduction of PT4 in Utah caused a five-fold increase in human S. Enteritidis cases within 6 months (25). This paralleled the introduction of S. Enteritidis PT 4 into southern California in 1994, where it also caused a substantial increase in human illness (7) . Since then, the number of outbreaks in the Pacific region has increased greatly. S. Enteritidis PT 4 has also been isolated from eggs and the farm environment of laying flocks implicated as sources for human outbreaks (25) . Despite the increase in cases and outbreaks caused by PT4, severity of disease does not appear to be increasing. Hospitalization and death rates seen in PT4 outbreaks do not differ from those of other phage types. Understanding the spread of S. Enteritidis PT4 and other emerging phage types may give new clues to the prevention of human illness.
Despite these declines in S. Enteritidis infection, much more remains to be done. Cases of infection identified through outbreak investigations represent only a small fraction of reported infections. It is estimated from FoodNet 4 data that for every case of S. Enteritidis infection identified as many as 37 go unrecognized (D. Voetsch et al, unpub. data). So, in 1999, as many as 200,000 cases may have occurred, of which only 5,343 were reported to CDC (1). To return to the 1976 baseline rate of 0.55 S. Enteritidis infections per 100,000 persons, a further 72% reduction in reported infections is required. A risk assessment conducted by USDA suggests that a broad-based policy is likely to be more effective in eliminating egg-associated S. Enteritidis illness than a policy directed solely at one stage of the continuum from egg production to consumption (16) . To meet the challenge of further reducing such infections, the President's Council on Food Safety announced an Egg Safety Action Plan on December 10, 1999, with the interim goal of reducing egg-associated S. Enteritidis illnesses by half by 2005 and eliminating them by 2010 (26) . The plan calls for cooperation between industry, regulatory agencies, and local, state, and federal officials to implement specific controls along the entire farm to table continuum.
Conclusion
The incidence of S. Enteritidis illness and the number of such outbreaks in the United States have decreased by almost 50% between the mid-1990s and 1999. The most dramatic changes were the decrease in the number of outbreaks seen in the Northeast and the reduction in numbers of outbreaks and S. Enteritidis-associated deaths in hospitals and nursing homes. Although the exact mechanism behind these decreases has not been explained, the reductions were likely a result of intervention programs along the farm-to-table chain. Despite these accomplishments, more work needs to be done. Further success will be measured by our ability to consistently apply and successfully monitor S. Enteritidis prevention and control measures along the entire farm-to-table continuum.
